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GEM Muon System Meeting
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August 23, 1991

Abstract:

Transparencies from the Muon System Meeting held at Boston
University on August 23, 1991
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AGENDA FOR GEM MUON SYSTEM MEETING
BOSTON UNIVERSITY
AUGUST 23, 1991

PLACE:
Room 593 of the Physics Research Building at 3 Cummington Street

8:45 AM - Steve Ahlen, Boston U. and Frank Taylor, MIT, INTRODUCTION
9:00 AM - Orrin Fackler, Livermore, “L3 Type Chambers"

9:30 AM - Bob Miller, Michigan State, "Straw Tube Chambers”

10:00 AM - Louis Osborne, MIT, "Limited Streamer Tubes”

10:30 AM - Coffee Break

11:00 AM - Irwin Pless, MIT, "RPC's, and Trigger Issues”
11:30 AM - Scott Whitaker, Boston U., "Pad Chambers®
12:00 PM - Bing Zhou, Boston U., "Pressurized Drift Tubes”

12:30 PM - Lunch

1:30 PM - Roy Weinstein, U. Houston, “Gas Tests and CERN Beam Tests of
Limited Streamer Tubes"

2:00 PM - Roger McNeil, LSU, "Simulations for High Field Option*

2:30 PM - Andrey Korytov, Dubna/MIT, "Fermilab Beam Tests"

3:00 PM - Steve Ahlen, Boston U., "Organization for Muon System”

3:15 PM - Jim Sullivan, MIT, "Momentum Resolution Calculations®

3:30 PM - Frank Nimblett, Draper, "Engineering Plan and Comparisons for
Several Chamber Technologies”

3:45 PM - Jack Hanlon, Los Alamos, "Alignment Strategies”

4:00 PM - Eric Hazen, Boston U., "Muon System Electronics”

4:15 PM - Break

4:30 PM - Discussion:

a) Chamber Technologies: pros and cons of each

b) System Philosophy:
i) Multiple vs. single technolgies
i) Projective vs. non-projective tracking

¢) Preferred magnet configuration:
i) What value of B?
i) How non-uniform can (should) B be?
iif) Should chambers be outside magnet?

d) Plan for making progress in the muon system:
i) Reduction in technolgies
if) Interactions with other systems (i.e. mechanisms for

recommending preferances on magnet, tracking, etc.)

i) Crucial R&D for Lol

6:00 PM - Meeting Adjourns
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Objectives and Priorities of Groups:
» Should have louger view than Lo
o Should make tech nolagy chorees
» Shouid develop/rm plenient plan
for R+V , Engineerriy, berm fusts
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-large Stractuares 204
« Calepimeters [SoM
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MUONS, Ahlex, Taylor

Should take (nto account :
» Spaticl pesolution
- triggering
“F/B probkns (B shaping)

* Upgrade options(oatside
masnet)

« Manufacturin 1y plan

FOR October 3-4 REVIEW BY PAC:
@ Focus ow Two TECHALICGIE:
WITH PETARAILEN pRoOTE T WWE
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1) Description of technigye
2) Reterences to development awud ose

3) Specs om actlual systems used
m past

4) A ctual” per #’w" wmane m Base ihe Parre
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Muon Chamber - basic load-bearing structure

Top cover (honeycomb or
z-chambers)

wire plane

end frame

side
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bottom cover (honeycomb
or 2-chambers)

0.6 psi
average over
end frame

(from wires)




Muon Chamber - wire plane alignment structure

carbon-fiber bar
(4 on each bridge)

"Bridge” assembly

glass straightedge
(Tlarge microscope siide)

wire plane

alignment 3 /Ouad cell
actuator

(manual) P

BANANGE |

!

L= VORI ..., —~ OO, L VIR, poves

li'"l
IRl

stralghtness
monttor



L3 AND L*
WIRE POSITIONING ACCURACY
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Stability ot L3 Alignment
for 3 Layers of Chambers
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{TWO DEGREE OF FREEDOM)
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L= Alignment

L* L3 - Achieved
P- Measurement
3 Layers - Absolute 8 um 10 um
Monitored - Relative 1 um 0.2 um

Global
All tracks point to
intersection 0.7 mm 1.0 mim
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Muon Chamber Gas Studies E

¢ Goal: Characterize and identify a suitable gas for the muon chambers

o Insensitive to small changes in E-field and composition
o Non-flammable (V = 2000 m3)

o Sparkproof

o Slow aging

o Small Lorentz deflection angle

o Low cost

?
TX: Muon Chasmber RED Page
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Muon Momentum Resolutlon
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* Design Resolution from Technical
Proposal 2.38% (1982)
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9 | P(GeV) sagitta _ |resoluth olficiency | epsi3 | eps2 | spssys | epsms sag error | res(%)
10 1 474720 1 1.00 37.50] 2852 20.00] 2127.03 2127.46 0.45]
11 100 4747 150} 1.00 37.50| 2852 _20.00 21.27 47.53 1.09}
12 500 949 180 1.00 37.50] 2652 20.00 4.25 42.1 4.50]
13| 4 474720 0.94 30.68] 27.35] 20.00] 2127.03 2127.48 .45
14 4747 0.94 36.68] 27.3 20.00 21.27 48.46 1.02
18 949 0.94 38.68] 27.35] 20.00] - 425 43.75 1
16

17 1 474720 200 1.00 80.00] 35.3¢] 20.00] 2127.03 2127.71 0.45]
18 100 4747 200 1.00 50.00] 35.3¢]  20.00] 21.27 §7.90 1,22
(19 500 949 200 1.00 50.00] 35.3¢] 20.00 4.25 54.02 5.89
20 474720 u_n]r 0.94 §1.57] 38.47] 2000] 2127.03 2121.75 45
21 {00 4747 0 0.94]  51.87] _ 38.47] _ 20.00] _ 21.27 59.26] 1.2
22 300 9439 ‘gﬂ 0.94 51.57] Je.47] 2000 _ 4.25 55.48




Mt(oq

///ahrea.da b

5‘6‘*14:-/ 7;";4,/

A;Jo/a ﬁ'oz,

(dw//t:/d}m { o

A B c D E F H ! J
1
2 [8L2. 13
3 Inl 3= 8
4 L. 4.03
S liheta= 1.57079633 1 ———
[} single- t
7 |P{GaV) sagitta ' iglenc 1,3 ops, sys |eps,ms sag eror res (%) ]
8 1 402424 1 1.00{ 53.03] 237.50 20 2165.73 2166.47 0.44
9 104 4924 1 1.00] 53.03] 237.50 20 21.66 60.68 1,23
10 500 985 1964 1.00] 63.03] 37.50} 20 433 58.94 5.77
19 492424 KYT| 0.94 54.70] 30.88] gou 2185.73 2188.51 0Q.44]
12 4924 0.94 54.70] 30.88] 20] 21.66 62.14 1.26
13 0085 j‘ﬂ 0.94 54.70] 36.68 20 4.33 58.40 5.9
14 .
13 ]
16 1 492424 200] 1.00]  70.71] 50.00| 20 2185.73 2166.97 0.44
17 100 4924 200] 1.00] 70.71] S0.00] 20} 21.86 76.61 1.56
18 500 985 200 1.00 70.71]  50.00] 20} 4.33 73.81 7.47
19 492424 _2p0! 0.04] 72.93] 51.87 20| 2168573 2167.05 044
20 | 4084 [ 0.94] 7293 51.87 20] 21.68 78.67 .60
21 985 0.94 72.93]  51.57 20} 4.33 75.75 ﬁ'
B= 057
§—16- 8  JSewse Wirer
Somn Cleavance Sarre/ —> Huoeo v Haoy—> Hagnet ( (6 SecToms)

—rnce /duft'v Chg i er

) =

Vo.?d #orie, =

ﬂchfﬁ v 774

7976~ 730¢C

g
a—

J’// # 4y




¥7 97
YD Vv
o « ity
2 torsvay pyd (4
oy, 2p)oy (t
..-\uﬂk. &N-\QWN \N
. qu.{tVU-uH. Jon? &
L repry vy o AR
U Fery mor gy vy oy

RSV | .
. ¥ v tea Yy




w

‘Jejewe|p

ct

R

opIsSIN0O
8¢ £ 0¢

8°0

0T ¢

®

=

2’1 o

B 1)

qIpm m
g dxq -+ ¥'1
O°'T

IO 41 Ul Woid



%
—A
0

Y

w g = Ty

002 087 081 041 091 091 O%] OET 027 011 00 08
(8W) 1500 wWaisAs joulep

gui. ] 0] 01 @Ane[dd A}AIISUSS pue pdl Sa 1S0))



LLNL's parametric cost model permits
overall system optimizations

Malor Input Parameters:
Design Models
Magnet OD Design parameters:
Magnet ID \
Magnelic Fleld Magnet design algorithms Numbers of parts
Barre! OD - ——]-  Glzes, shapes, weights
No. muon wires/plane - Muon design aigorithms Mass of steel
' etc, etc, etc
Mechanical clearances ' |
Max/min sizes :
Unit cost factors Cost Models Performance Model
Magnet cost algorithms

Muon performance calc's
Muon cost algorithms

Y f

Costs Performance
(by WBS) (muon Ap/p)

iz



Muon/SC Magnet Cost Model - Via

Cost vs Performance at B0 = 0.828T
Data from "CvsP/.8287/16,24,32/data”

3s0
300 -
Y
e
'
O
o
250 -
200
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gd-3/26/91-1025

aplp (%)

B0 = 0828 7

Oulter Radius (m) - No. wires
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- e afjen e

—N—

—0O—

10.0.32
11.0-32
12.0-32
13.0-32

10.0- 16
11.0-16
12.0-16
13.0- 18

LOA Eslimale - Warm
4.9%, $290.7M

LOI Estimate - SC
2.8%, $285.7M
(inconsistent design)

.Magncl Doors al 2 = 14750 mm

Number of seclors allowed (0 vary
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Magnet + Muon Cost (see notes),

Muon/SC Magnet Cost Model
1-coil Version

420 ‘k
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\
400 4 §
e
380 - \.\
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360 - " . ‘

1 qak
304 BN

4 A Y -\
320 - Rq \\\ L

- u ‘\\‘\‘
300 = - ‘s._‘

i Py 3N ~e
260 - \*ﬁﬁi{.

* Bean iipie

i R ST =
260 "1.... TR

b T S

2‘0 - M---.-

4 ---.‘-----.-- v-"ld
220 v 1 1 v | E— Y Y 1 v ¥ N

1 2 3 4 5 6 7 8

apip (%)
Figure $-3 Parametric cost plot for (he single coll ma;nel' option,

All cases:
single SC coil
16 wires

~--%-- 25mOD

24m OD
23m 0D
22m OD
21im OD
20m OD
19m OD
18m OD
17mOD

- o e
- el - -
- e - -
- - -
- ey ==
Ll R
- el -
- e e -

—dk— LOI design

2-00l, 24m OD
3.21%, $355M

Notes:

1. No florward system

2. Includes AEDIA + conl
(tolal A = 41%)




MUON ENGINEERING AND R&D SCHEDULE

Now , @2 L A L 1493 1 L L 1/94 ( L 1 1795 L L N 1904
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| A A A :&o
LOI EDR B.O. !
,':g;:"" | Final Design ~ Award Magnet Bidg. Muon Bidg.
Milasbnes \ Design IRt Hall : iRt Hall _‘;m Hal= Construct IR1 Hal —
' Final Design
|y MogoetBidg. Awerd ; _ Construct Magnet Hall i
|
wBS 12
MuonRsD ! Detection Physis,
| |—Dstct Dovieomrs :
| Ienetronle- Dov|
| | Elecironics Development i
| | AgnmentStructure Development ,
| =Sodor Prototype !Tut!
wBS22 '
Muon Engineeringl
Select Two Des. | -
Options
Desgicost | |
i
Prepare LOI I I—!:im 182008
| ey
I A A
Des. Cost
I Review Review
| A
Concept
| Sefection
| L Prelim. Design :
T A
| EDR Des/Cost
|
| ' I
m.alz l Final 3 Proc/Fab
Muon Construction

' (Stant Instaliation 10/487) [L




GEM Magnet Near-Term Schedule
DRAFT 7/31/91 - 1414

Now B/2 BAI'S 816 6/23 &30 96 913 9/20 27 1(:!4 10/11 1018 10{25 11 118 1115 1122 1‘lll29

8SSCL s of] PACITech Slte req's:
mag ::I‘Fldlng Prog Report infgastrucjure
Tagﬂow Des Mestingh (resificted) | 5§ s gmm’d
syrf facllity
Des conducior \ A
Des winding 2}:::;? >
8 I.cloﬂg
Layoul-Single-coll
Das 1-¢oll bobbin

De# cryosial stilfensrs

Des Inner cryostal W Decide 2/4
Des 1-collouter cryosiat colls
Layoul double-coll
Design 2nd bobbin Degde
shlelded or
Des Intercoll structure unshipided

Des 2-collouter cryostal
Dev Baseline Pole Shape

Des pole/support

Costing : mm

Des Cryo systems
Vendor quotes & costing NN

Des Power/Prol systems
Vendor quotes & costing

Mig sequence analysis

Facility Req'ts




MAGNET ENGINEERING AND R&D SCHEDULE

Fab Colis On-Shie
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A GEM MUON SYSTEM
BASED ON 2 cm Dia. STRAW DRIFT TUBES

C. Bromberg, R. Miller, B. Pope, C. Yosef

Michigan State University

Potential Advantages of Plastic Straws:
Cost
Ease of Construction
Robust (vs planar cathode)
Pressure > 1 atm (vs planar cathode)
Radiation Length (vs. SS Tubes)
Use in trigger



r (meters)

10

" MB8: 8 axial, 4 stereo (in‘l! 16)

Quarter Section of Muon System

MB6: 16 axial, 4 stereo ( £1/16)

] .
MES: 8 stereo ( Z/16)
MB4: 8 axial
MES®6: 16 stereo( £1/16)
ME4: 8 stereo( +1/16) g0
| 1 ; : | ] 1
2 4 6 8 10 12 14



END CHAMBER STEREO

Layers altemate between styles shown

Angle intervals
/8




Gangs of Four

TRIGGER LOGIC:

location: 1°2°3°5, 1"2'4‘5, 1'3°4°5, 1°3°4°6, 2°'3°'4°6, 2°'3°5°6, etc.

timing: 1+42+3+5, 142+4+5, 1434445, 14+3+4+6, 2+3+44+6, 2+3+5+6, etc.



GEM- STRAW TUBE DRIFT CHAMBERS

BARREL CHAMBERS:
MB4 400 600 8axial 1256 20096 2 10048
MB6 600 2x500 16axial 1885 60320 4 15080
6.00 2x5.00 4stereo 1885 15080 4 3770
MBS 8.00 2x7.00 8axial 2512 40192 4 10048
8.00 2x7.00 4 stereo 2512 20192 4 5024
Totals ) T 155880 T 43970
END CHAMBERS:
Station Z MaxR Lavers #/laver Tubes M'plex Amp/disc
ME4 6.00 400 8stereo 16x76 19456 2 9728
'MES6 1000 600 16stereo 16x114 58368 4 14592
MeS8 1400  8.00 8stereo 16x153 39168 4 9792

Totals 32 116992 34112



GEM- STRAW TUBE CHAMBER COST

Itern Required (K} Unit Cost ($) Total ($M)
Straw Tubing (m) 2400 1 24
End plugs 820 1 0.8
End seals 820 1 0.8
Centering pins : 820 2 1.6
Wire (m) 2400 0.5 1.2
Precision Holes - 820 1 0.8
End Plates 2.5 1000 2.5
Amp/discrim. 78 10 0.8
TDC's (m'plex by 4) 19.5 100 2.0
PC boards, cables 5 100 0.5
Labor hrs.(10 min/tube, 2 techs) 134 50 6.7
Alignment Equip. 0.6 1000 0.0
Gas system/plumbing 0.5

Total 20.6



D Item

Test of High-pressure straw tube designs (end plug)
Test of positioning accuracy obtainable for these designs

Engineering studies to evaluate construction procedures,
support structure and costs

Monte Carlo study of multiplexing scheme in a SSC environment,
both for pattern recognition and triggering
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STUDIES OF DRIFT AND STR_I_R READOUTS FOR THE EMPACT/TEXAS MUON SYSTE!
(preliminary results)

Yu. Bonyushkin, N. Khovansky, A. Kogov, V. Malyshev, Yu. Sedykh, V. Tokmenin
Joint Institute for Nuclear Research

Dubna, U.5.5.R.
Delphi Group
H. W. Kendall, L. S. Osborne, G. D. Ross, A. Sodickson, R. Verdier

Massachusetts Institute of Technology
Laboratory for Nuclear Science

Cambridge, Massachusetts

S0 -wic)
Abstract

We report on the most recent results measuring the behaviour of wire cham-
bers which might be suitable for EMPACT muon detectors. This includes several
measuring techniques, chambers, and gasses. '
1. Introduction . _

This study was lmtm:ed to find 4 particle measuring technique with gas detectors that
would be suitable for the-MACT muon detector system. It would have to be :

1) fast, to-tag events g¥ their proper colligion time;*

2) accurate, o =~ 200um., but locatable to 50um.;

3) ammenable to mass production;

4) using non-flammable gas.
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__REFERENCES

1. K. Fujii et al, NIM, A225, 23(1984)

2. F. Gasparini et al, NIM, A267,
87(1988)

The authors of these papers claim they
did not achieve the best possible resolu-
tions due to lack of mechanical alignment
and multiple scattering.



Gases Considered

Argon(A), Isobutane(IB)
A(few %),IB(10 %), CO,
A(few %),IB(10%),CO.,CF4

[B(<10%)-non-flammable
CO5-ohmic,slow,cool
CF4—ﬂat,fa,st



H3SV

N

N NI
WOYHHJYIO

*sessRsSIR ISR IS LY sansacseense (R LR TY NS 3

“renace

[EXITEXE YY)

H3IIdIL I
-010Hd

2.1

(13.



LASER BEAM
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A Fgon- Isolutane | (Laser)

EXAMPLE | OF RAW DATA
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i b
~3 N - ) A N
’ o &0 ~ 120 160 200 240

DRIFT TIME, NS

Fig. 3.2




L .ay (nanosecomds)

Large Chamber: Fits to Drift Times
5.1 kV, CO2/Argon/isoButane

Resolution (Microns)

500 . 100
450 L\ Squates:Dala __ Astlerisks: Hesolution._| g9
400 \ Line: Fit 80
350 _ . \ o 70
300 o < 60
e \ .
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200 — 40
150 s 30
100 20
50 _ 10
Q y ' . — - |q
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FlleName: IMA_TWAE.DAT -

Radial Distance from Wire (inches)

Fig. 3.3

Dale: November 8, 1990/hwk



CF, + CO,+ 1 sq_éu Larne

n a
L ]
(e PO I
L | L 1 1 1 1
-12 - -l 0 4 a - 17T
COOMDMATE XIREAL, WM
RESOLUTION V3 DISTANCE (LASER DATA, 303 MODE)
=
L b
3 1 1 K ’\
-15% - 100 -50 N 0 $0 100 150 M
ORFT T, WS

rig. 3.8




e
éiOO"‘
o
S . ® )
ko-\ :___‘_ __________ 90—
¢t . 0"
- O © ® e¢o ¢
_1(:‘:.." o
35 50
o
7
v L
&
| 1 | | |4l ] 1 1 1 I [ | 1 1 t I
S 10 15

Distance from track to wire, mm

O  FILE: ARGISOB3I. AlL
@® FILE: ARGISOBS. ALL

Fia. A4



GEM Prototype Full Scale Chambers
3x(6 m. X 0.5 M.) chambers

R and D Group

Dubna- Design and Test

Houston- Wire Placement Techniques
LeCroy- Timing Electronics

Houston- Simulation,Data Analysis
MIT- Design, Construction, Tests

Schedule:

Design- Spring '91

Parts Ordered- Summer 91
Assembly- Fall '91

Tests- Winter '91-’92
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Survey Fornts

Philosophy

Wires placed to £12. 5/.Lm with respect to sur-
vey points,
1) indenpendent of gravity
2) 7 temperature
3) ” warp and sag of the chamber.

Survey points known to £12.5um.,
1)by surveying

2)by placement (unlikely)

3)by monitoring.
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7 Measurement with Pickup Stl;ips
S

/4 //Zl/ Vs

Pickup strips make a vernier z-measurement within
the timing measurement along the wire. |
Several strips which bridge the accuracy of the tim-
ing measurement can be ganged in series.
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! 16 3z [nputs
Delay = One Shot_<___
> Loglc E
o= = |
S Matr1x E(repeat 31 times)
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= =
0o s =
v 9 =
STOP —
pulses
to 2277s

Muon Trigger Module




Front & Back Chambsgrs
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P_SAG_THETA*m V2291 92U AM

GEM dP/P AS A FUNCTION OF PSEUDORAPIDITY
0 < P < 1000 GaV/c (steps of 200 GeV/c)
ne=0.22, B=0.8 Tesla, L=4.6 m,
NL= 16 planes .
dp/P 80=100 microns;sext=25 microns;sint=50 microns
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GEM dP/P AS A FUNCTION OF THETA
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NL= 16 planes
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P1_SAG_THETA*.m

V2291 9:30 AM

CEM dPt/Pt AS A FUNCTION OF PSEUDORAPIDITY
0 < Pt < 1000 GeV/c (steps of 200 GaV/c)
nc=0,44, B=0.8 Tesla, L=4.6 m.

NL= 32 planes

dPt/Pt s0=100 microns; sext=0 microns;sint=0 microns
0.144
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GEM dPt/Pt AS A FUNCTION OF THETA
0 < Pt < 1000 GeV/c (steps of 200 GeV/c)
nc=0,44 B=0.8 Tesla, L=4.6 m,
NL= 32 planes
dPt /Pt s0=100 microns;sext=0 microns;sint=0 microns
0.144
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Merits of Streamer-Drift System

. Preservation of the fast rise time in pulse trans-

mission.

Open structure for laying down wires-allows
multiple wire placement and placement check-
ing for ease of construction.

Precision wire positioning.

Minimum scattering material.

No restriction on chamber length.

Parts and assembly amenable to mass produc-
tion.

Stiffness in the final chamber to minimize sup-
port points.

. Single wire resolution of ~100um.



Total Costs in m$

Material | |
Chamber bodies 0.14
Cathodes | 0.30
Bridges 1.00
z-planes 0.25
Labor
Chamber assembly 0.50
Wiring & testing 2.50
Electronics 12.60
Total | 17.29

This 15 For 4-~8~ 4 wis Jay o p
systewm .

Doutble Lfo 4‘°De nymbers foq g/~
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rPC

Table 1 - Characteristics of RPCs
plate bulk resisdvity | - 101121 Q em
elecric field ~40 kV/cm
pulse charge 102 pC
pulse rise ime ~3ns
pulse duragon ~20 ns
efficiency ~97%
discharge area 0.1 cm?
recovery time 1025
fdme resoludon ~1ns

2. Resistive Plate Chambers

The Resistive Plate Chambers, developped in Rome ten years ago, work at a
uniform electric field of ~ 40 kV/cm between parallel elecrode plates of a plasiic
chenolic material (bakelite) with a resistivity p = 101! Q cm. The plates, 2 mm thick,
are kept separated at a distance of 2 mumn by spacers of polyvinyl chloride. Gas tightness
is insured by a frame of the same material. The sensitive volume is filled with a gas
mixture of argon/butane plus a small percefitage of freon 13B1 at normai pressure. The
generating field electrodes are layers of a graphite vamish coating the outer surface of
the plates. They are isolated from the read-out elecrodes by a 300 pm thick film. A

sectian of the chamber is shown in Fig. 1.

Sketch of a Resistive Plate Chamber

Resistive elecrode piates
p =1011Qxcm

Pick-up smps

L
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climinated in the off-line analysis by a cut on the total energy deposited in the
calorimeters. 5000 muon events and 15000 pion events of 70 Gev/c momentum were

collected.

=
o
|
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b
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= L 45'
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E ""! -
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8.5 F G butane 38% .
i freon 4% )
0.4 ® .
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electric field (kV/ecm)

Fig.4 RPCs efficiency versus the applied electric field measured with 70 GeV/c muon
events.

. ] z |
5. Chamber efficiency b6 CHAuZERS = X & M - 3.lcm FIT

Fig. 4 shows the efficiency of the RPC chambers in the X1 beam as a function of
the applied electric field, measured for 70 GeV/c muons. The gas mixture was 58%
argon, 38% n-butane and 4% freon. The mgiven chamber was defined as
the ratio between the number of times in which a hit was seen in the expected region of
the counter and the tota! number of incideat muons. All chambers show an efficiency
around 97% for electric fields aver 40 KV/cm under 2 muon flux of about 15 Hz/cm?2.
Operation up to fluxes of 40 Hz/cm2, concentrated over a surface of about 5 cm?,
showed no appreciable degradation of the efficiency.

Thé out-of-spill rate of the fast-OR was about 10 KHz giving about 0.5%
probability of spurious hits per chamber within the 500 ns shaping time. This ‘noise’ is
originated by discharges due to0 inhomogeneities of the electric field close to the spacers.

6. Tracking with RPCs
Tests have been done to study the tracking capability of RPCs with high energy
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ISTITUTO NAZIONALE DI FISICA NUCLEARE Asserg!
LADORATORI NAZIONALI DEL GRAN SASSO T ot 04810 7010 MSEACU Ay ke
MEMORANDUM (s1.08.07)
To: F. Ceradini
R. Santonico
From: lLA. Pless
Subject: Discussions on the Research and Developement of Resistive Plate
Counters
Date: 7 August 1991

The purpose of this memorandum is to recall our conversations of the
30 and 31 of July 1991 at CERN.

We talked about the various aspects associated with the construction
and operation of RPTs. The research and developement program, RD5, was
discussed. The interest of the SSC GEM detector collaboration was
explained. A possible joint, and complementary, research and developement
program was formulated. The basic agreement was aiong the following

lines;
1.

2.

MIT, working within the GEM collaboration, would set up an RPC test
station,

The GEM collaboration would measure the spacial resolution of an
RPC as a function of the length of the readout strips. In particular,
the effect of a six meter {or longer) readout strip would be

measured. To start, a simple cosmic ray telescope would be used and
a comparison of the charge distribution created by a cosmic ray
muon would be made at the two ends of the read out strip. At some
future date the equipment could be tested at the MIT Bates linear
accellerator.

F. Ceradini and R. Santonico will assist irwin A. Pless in acquiring

all the components needed to set up a "standard” one meter by two
meter RPC. This "standard® RPC will be assembiled at MIT and the
performance will be compared to the expected performance before
making further tests. F. Ceradini and R. Santonico will also assist
Irwin A. Pless in acquiring two dummy RPCs so as to make the

resolution measurements realistic.



4. The GEM collaboration will be responsible for all slectronic
components and other expenses required to make all relevent
measurements.

5. All data and experiences iearned in this test program wiil be freely
available to all members of this joint collaboration.

| trust this represents the spirit of our discussions. Any corrections or
additions to this memo will be warmly received.

Sincerely yours,

oﬁw»-\ Q. Pbet

irwin A. Pless
Professor of Physics
MIT
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PLASTIC SPARK COUNTERS WITH PVC ELECTRODES

G. BATTISTONI, P. CAMPANA, U. DENNI, C. GUSTAVINO and E. IARQCCI
S —

Laboraton Nazionali di Frascori defl’ NFN, Frascati, Fraly
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v

The perfarmance of a spark counter based on plasticized PVC is described. The relevant features of this detector match the
requirements of surface and underground cosmuc ray expeniments. Its technoiogical characteristics allow large arca detector

construction.

[. Introduction

In the framework of the study of new apparatus for
extiensive air showers of cosmic rayvs, we have consid-
ered the application of spark counters. For this purpose
a time accuracy of the order of only a few nanoseconds
is required {1). Low cost. reliability and easy monitoring
are of relevant importance.

So far the development of plate spark counters (2]
with resistive electrodes has shown the possibility of
reaching high time accuracies and good space resolution
at the same time, but their use has been limited by the
strict technological requirements due to the high gas
pressure and to the degree of mechanical tolerances
needed for-gaps of 0.1~-0.2 mm. They require electrode
materials with volume resistivity in the range 10°-10"
22 cm, with a sufficient degree of homogeneity: for this
purpose some resistive glasses have been successiuily
proposed, but they are rather expensive and not easily
available. In practice ail these limitations become pro-
hibitive for large area counters.

In order to reduce the technological difficulties a
new type of resistive plate counter (RPC) (3] has been
developed, to be employed whenever a time resolution
of the order of hundreds of picoseconds is sufficient. In
this detector the resistive clectrodes are made out of a
phenalic thermosetting resin denominated Bakelite. The
counter gap is of the order of 1.5-2 mm, and the gas
circulation is at atmospheric pressure. Anyway, the
RPCs, as the other spark counters, exhibit a noisy
operation, i.e. the production of spurious sparks, and
the use of thermosetting materials is restrictive as far as
the construction technology is concerned.

We describe here a new plastic spark counter Hased
on plasticized PVC. While rigid (unplasticized) PVC has
a volume resistivity of the order of 10" Q cn. the
addition of plasticizers to obtain the standard commer-
cial soft PVC, lowers resistivity down to 10''-10'2 @

0168-9002 /88 /$03.50 © Elsevier Science Publishers BV,

(North-Holland Physics Publishing Division)

em [4); by doping with ionic compounds. a volume
resistivity around 10 ® cm can be easily achieved [5]. We
show that the use of commercial plasticized PVC allows
the construction of spark counters with noiseless oper-
ation and time resolution of the order of 1. ns. Further-
more the use of a material such as PYC makes it
possible to exploit the thermaoplastic material technol.
ogy which allows easy construction procedures {or large
arela counters.

2. Protonype description

Fig. 1 shows the cross section of one proiotype. The
active volume congaining the gas mixture is delimited by
two parallel plate electrodes made of plasicized PVC. 1
mm thick. The volume resistivity is ~ 10" 2 em. High
voltage is supplied to the PYC siectrodes by means of a
graphite coating on the surface not in contact with the
gas. The varnish is a commercial solution of graphite in
methvi-isobutyl-ketone, and he surface resistivity is
~ 10 k2/0. A copper strip provides the electrical cone
tact with the high voliage. The graphite-coated surface

FLEXTBLE PVC

GRAPHITE
PCX- UP ELECTRODE

Fig. 1. Crons xection of a spark counter prototype.
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Glass clectrode spark counters

M. Anclli. G, Bencivenni, G. Felicn and Lo Magoo

Lashwrrartors Maziemde ot Prvgape ® = INTN Praveats, Teah

Reverved 6 August 1990

Nurth-lallan

Wo hase devcloped amd pestigated the bobasuwr of sspoark conmer bited on low cost resistive glass electrodes,

1. Jutroduction

The need of Lirge area detectors with a vme aceu-
racy of the arder of only a few tatcesecomds s foseseen
g apparatus fur extensing e showers, They conld abae
be waed as cuernal muon detectors e a0 high rate
eitvironmment. like Tuture collider experionenis, In bath
cases the proposed Jdetegtor must funve uncritead condi-
Hons concerning high valgage, a high reliabadity and low
cost of both the detectar and feontend clections,

Planar spark counters with sery good tane resolubion
{25 py) ousing semivonducine gass op = 107 (0™
$em) as clecteades Tase heen deveboped i Novoahnsb
{HL They are manndy used Tor pariele adentidicaton at
chergion around 1 GieV. bur therr relatinely haghe cost
amd consteuction dif{icu’ v, due 1o the snet tweehndops.
cal requirements (re. mechanical problems vorrelatad
with gaps of JOU-2U80 i and beghe gas pressure vper-
atean], wake them unfeasble fur sery hage area detee-
tors.

A more simple to construct planae conater (s of
1.5-2 mum and gas sistures 3t aumsplicne pressanced
weth o lesser time resolution, has been developed (2]
using bakelite (o # 10" Qeuy as resistive electrodes,
However, 3 serious problem of this kind of deteciors is
its noisy opcration, probably due (o the material used.
To avercome tiese problems we have duseloped a new
type of detector with a gap of about 2 1rm operated at
atmospheric pressure and based on low cost resistise
glass electsodes.

1. Spark counter prototype description

Twao spack couater preatatypes have been buad then
cross section is showe in fig. 1. The paralled electrmdes

* Ihis wark has heen dune in the framewerk of TESTE group
activities.

Wrsingine plas

elocttte Fasrenat frame
-i_j '
v LS
! ; SR UL v . ah ;/‘
HEE : T
LN 4 ,12 i
-~ § - AN e e,
2% ALY
. - ’,
H A n——— > o 242
4 LS.
' 1

Maviar Internad frame

ok up cfectrade

Lip 1 Cume sevnmn o the phass clectiode spatk counter
Proes g,

are nunde of resistive lass with a volume resistivity of
o~ 10" Qoem and a Uhkckness of 2 o The externd
side ol the glass is virnished by a sobmion of graphite in
waterin order (o supply a high voltage. A glass—-epoxy
frateste, 1.6 o thick sad 1 o widde delimits the active
asbave of 10X 1 e, Due 1o the small dimensions
aemd the pomd mechanical cluwacteristics of the material
wed the chaunbers do ot aced extra spacers. The
clectiode teamspivency  elfect [3) allows the induced
pulses G be read by pickap electrodes (suclace of 19 X
10 <’y placed on both sides of the chambers.

X Hoaperimuenital results

Bee, 2 shows the singles counting rate plaleau as a
funcion of high voltage, obatned with one of the two
protonvpes alier a very shoft time of bursing in (some
Iy, The pax mixgure used dJduring these measure-
ments i oan Ar (60F) + C0, (3RB) 4 Freon 13081
2T The disariminator tueshold applicd on te sigoal
is 20 V50 82 amd the electnonic dead time is 5 ps. A
plneig width of about 700 -8R0 V is obtained, showing
the posibility of a2 wide notseless aperating range. It
st be shiehuhied i accotdinee with the main require-
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Glass SFarK Counteer *
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Flg. IV.22. Dritt velocity (v) va COa concantration. The clocirlc field
Els 1.8 kV/em.

resolution requirements and could be used In the centrai
detector. This aiready operational system of 25k channels
cost 1908 per channel!, including all cabling, interfacing,
readout, and monitors. However, the Increase in channel
number from L3 to L* Is of an order of magnitude. This
creates a need for R&D to achieve high component
density, cabling reduction, rellability, easy diagnostics
and repair, and low cost.

in addition, the complexity of the L* muon
spectrometer requires the development of a large number
of electronics systems moniloring aill the relevant
parameters. (n particuiar, the high-voltage system has to
be distributed and controlled to react to background
conditions In order to avoid wire damage and aging.

C.6. Muon Trigger Generation

The fast level 1 muon trigger will be derived from three
coincident layers of Resistive Plate Counters (RPCs)
(Rel. 1v.18). These devices produce a very fast (10 ns)
discharge in a gaseous gap of 2 mm after passage of an
lonizing particte. induced signals are received on external
sirips and yield a precise timing resolution of 2-3 ns.
RPCs and their assoclated siectronics provide a low cost
melhod of instrumenting the very large area required (i.e.,
4000 m ) Three RPC layers will be attached to the muon
chambers In the central region. They will be read out by
3-cm strips oriented parallel to the magnetic lield. RPC
layers with 3-cm radial pick-up strips are also connected
to the muon chambers In the endcap regions, and RPCs
with 2-cm strips running vertically (parallel to the mag-
netic field) are placed at three positions in the forward
detectors. Fast (l.e,, 100 ns) loglc searches lor tracks
pointing to the interaction reglon aiong fiduclal “roads” In
the r-p plane, which specify a particular momentum cut.
The precise time resolution of RPCs also enables cosmic
ray triggering and flagging.

iv

After the 1us maximum drift time has elapsed (Le.,
during the level 2 trigger), candidate tracks are also
formed using muon chamber hits. A track finder will
identify muons within roads that span both bending and
nonbending coordinates. These roads point back at the
interaction region and are determined by coincident hits
(mutually arriving within 1 us) on selected wires in the
outer and Inner layers of drift chambers. Roads are as-
sembled for each module in the central region by
demanding hits in z-layer wires within narrow (2°} intervals
In 8, as iImplemented at L3. Roads are defined In a similar
fashion 10 detect tracks In the endcap reglons, where
limits in & and ¢ will be Imposed by requiring hits in
orthogonal chamber wires lying within the solid angle
defined by each road. Inthe forward detectors, roads are
again subdivided in @ and ¢ by requiring hits In orthogonal
chamber wires. Road boundaries will be set more narrow
inthis region, In order to clearly separate Individual tracks
and avoid accepting lower maomentum particles.

Muon chamber data can be assigned to particular
avents by linking candidate tracks found in the mucn
chambers within the 1.us drift interval to those found In
the RPC array and/or hadron calorimeter. in addition,
matching of candidate tracks with particular events can
be rapidly accomplished by performing time sum calcuta-
tions for hits in adjacent chamber layers that are offset by
half of a cell width (Fig. Iv.18). The sum of drift times
resulting from the offset chamber layers, plus a correction
term proportional to the tangent of the angle between the
track and chamber plane (known from the road defini-
tion), shouid always be equal to the maximum drift time,
that Is, 1 #s. Rapld computation of a time sum for each
candidate track will enable every track to be correlated
with a particuiar event, or a range of events in the cases
where uncentainties {i.e., Inthe Incldent angles) are large.

C.7. Alignment Systems

Throughout the evolution of L3, numerous techniques,
instrumentation and test fixtures were employed or
developed to cbtain the required alignment accuracies.
The L3 experience provides a significant knowledge base
by which to judge the sirengths and drawbacks of
proposed alignment techniques or systems and to make
specific recommendations of R&D efforts needed for
improvements which might otherwise be overiooked or
discovered late in the detector's development.

Local Alignment System

The lunction of the local system is to align chambers
within a module. In each of the three muon detector
reglons {central, endcap, and forward), chambers are
grouped into sets of three equidistant layers for the pur-
pose of muon sagitta measurement. The middle layer
actually consists of two chambers that are joined one on
top of the other and referenced during fabrication such
that they may be considered as one chamber for align-
ment purposes. Each of the three chamber layers
measures the particle track precisely inthe bending direc-



/6

3. Dis¢ YSSsonv  oF A “&//j&u‘ "Riccer

A- O g WiRE

RESstvr/on = (/CﬂtR)Lf (7;)1.

[fopA caTion Time =233
L =  § pme7ems
T TA0-X0 4o sEcony S

S VAV SECony /m ol o'

-~

Atg = L= mMANG S Econ, s

Hevee  LeveTtn of

WIEE  Lirrs THE
RESoLYTIOL



PLArES

B- Twe wlz-fﬁj TW
L‘éa."
\ ¥
<
ol
v~
T A4
reck | -r-—-L LP
. tA|
L e
Lol -
Tlr + Hd, > (leck .
N Cleck *

STARTS
STeps<

/7



t 0
CL.oclc.' Two '—"A’F:Tb/’ a t,l,_ “(EP ffad,) = ta’z-"@!:

L

AT = taw -t
TeTAL DEIFT  TiméE = g

’TT? = sy + t4i

A’E.-‘!‘r}B: Ltd?—-
ta, - DT +Ts [MG&/V T)MEJ
2

MVEED T, Fo [9/1/>LE7'5 TRIC CER

Cwocle | |3~ -1 C lecle 3

clLock 2 [Tk : L Clockd

TLP = éT’l ;TL.

wiTH A (Letk AT THE A0 oF EscH
WIRE  ONe CAav  CET A TIMGEER N /o #s



BuT wHAT BAPPEVS F o THE

—_—

ThAte (omES [V AT AV AvELE Sf O

TL.IO ‘f{ccj] = (teock 2 STAAT:
Tep +(¢J'L"i) => /Lock ‘2.. S70p 8
AT = Ely-f - T

A'E" 6JL- flj, -

Ty = td +td]

s 2T Ty =

2
ﬁd‘b-: dT,{fq: __é_,
_ > =

£= (2R Grdo®) tan ©
PDAFT VELOC(TY
4 b ArAr® S$ELOvD S _
R= 2&m = L0800 Nici-od 5
7 OVELOCITY = $OMicnons [Nfpesbcord

iy

Z
Z

&= 2.6 pECREES



Displacement {cm)

Displocerment (cu)

rarticie Trajectories - B = .8T

Ciraa 3 2 *3
100.0 - ‘ —y
E | I 7 I /
50.0 * gL 000 ] ‘ﬂ = "f:Lc_c_bm__e.‘.
SO.OE l ‘ ﬁ't-toélavi" // Cf .)
) E | | / /’ ‘/ /)
.-0.0 ; ' ' ! // f‘—r
80.0 £ , ‘ - <
. L : . N
£ | ’ i y /
500 € | l - 7
E I ! ./' e y
40.0 + = . >
ot 11 AT
) t ] VT bt a 50 eV L
200 < -
) : | [/ 24 — _..-/“—1??1*
10.0 :_ s — —
r l ‘ _——
5.0 —
0 1 2 3 3 3 6 7 8 -
Radius (m)
Particle Trajectories - B = 8T
CNM "'-?-" I#a 3
25.0 ——
L L ! ) ,
- £th £.00 I i /
]
200 + | S A L
- Pt=10Gev{ . - ,
f S VN %
13 ’ f// ' // /Ty
150 + 77 * p7 va
Vol %4/ Aa? e,
1.0 L . . A
f ;/r ' _.//// Pl {50 GaV)
s0 4 - P A
M |
[ e gt ’
0.0 - N S BUs. . > e
0 1 2 3 4 5 5 7 8

Radius (m} 5”/9[0[7’3 ‘



TI-4ck C AN /TAVE A Two
VELRLEE EMTIVANLE  DuvE T°

MAcy €TIC [FICED

Fie 1&gy 1¢

[ SN
/ g Ay
,-‘. 12,14

C DELTA Py
c4 .ﬂ-.(T.,AL Dl"_‘ ,P/Jr'j’

'v:g Lﬁl’!l

el



4 RPC For. = (eoppNaATE
DETEL M )N AT 0N

BY Voivse  Gam STiips A
RESoLvTIoM  oF  [gss  THAr onE
MILLIMETT H s - ArEW ACHICVED B F
THE  STAMDALD CHALGE  Dis T BTN
TECH M ouE. IT GFEM o PoS S BLE THAT
WS- 00 Micpons CAV BE A EVED THig
Weoul) MEAN RPLe covip BE VSED

/v pLACE ©F “cevmse U cesres



23
4. RpPc Fok TRIGGER

WE | &oposs A TWO  DiM fMTIOmAL
RPc ¢YoTem ol THE Muon THECER

s e x $TRIps (6McTCNS Lace

~Fe J

== /| = = 3 <« Y sT2Ips

L
P

wé MoTE  Frem THC L’Y fol pAeE 37
THE Y G7hjps  pAmeE v LEWETH

Fiom |. ¢ /Aeff:z 7o 3.3

METEMT. THESE 6T |ps  ALE  L/HRT
E/VLH 1o  peTCRMINE THE ot eT
PEAm  (wos9/pe  Forn THC SVEWT  THAT

CINEATES THE TI~I(CGECEN.



27

The prepescr  Tricien TECHMGUE
CXAM pES THE Aop éfﬂp FPlLAr E

foiw A THLCE Fobtp  Copwcippwes of
THe Y C9TRp 5 aﬁls_//v FACH z_./?ny.

THIS ¢ map€ 9//‘1}71,5 BY veiNse A
PAGCC TecH Mg?ua’/ wHERE A pPAGE

j6 DEFIFED By porcr mosT P STRpP

STARV LK Anvo  The WwTepteTion  pPosur

== R P R PRI

VT ER ATl 0 Lo ]



<5

% THA'T f)f-(:c’- orvé THCEM Loo kS
4 A TH]L-Eff FoLt D X STRIP  CoipccBERCL

oLeg v EAcCH LAFPEI

mr:rc:/a\ram:x

p0 313

THE SAC4TTA  I# This PAGE pusr BE LEss

THAT THE D Esipngyp MDML‘NTUM coT. w7 H
COVTIMETER ST IPs  Yov AN mpapieé A co7

AT b0 Cev/c .



r-y-
b. ¢Pc FeiL

1TF ove  CAHAnr  DEmoresTrprs

Micpow  PRECSIoN O Rpc

MEC ALY LEMENT  opé&
/

THEM Ao THE

pvé v

Jo6 ~ 20
SHATIA L

/4 7"::/4/ 7Y o CemLi PR
eNey Muvoe TEH Ve pJ/E SR £V
THE R ELATIVELY LARGE rASS RS
NVNEEPS Mo  CANMEFI S7VDY.

THE mee7 DovaTFVe  §TVATIOM o feir THE
CEwTER

POS(TIor. MASS 4r Tites fomr (s
H A~ FUL .



Resistive Plate Counter R&D at LLNL -
Elden Ables, Richard Bionta, Dan Makoweicki, Craig Wuest

» RPC R&D at LLNL is taking advantage of an extremely capable
Chemistry and Materials Science Division.

+ We have expertise in coating a variety of dissimilar materials
using a number of different technologies:
e.g. sputtering of As on Pu.

« We have identified a resistive soda-lime glass as a candidate for
RPC plates (in place of the carbon-painted phenolic).

« We will build a 25 x 25 cm2 RPC in the first part of the program,
based on the work of Cardarelli, et al., NIM A263 (1988).

 Discussions with l. Pless of MIT have been initiated and a joint
effort to develop RPC's is envisioned .

« Larger 1 x 1 m RPC's in the future.



RPC Coatings
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‘Maxim®h’achievable Time resolution
. Studies to improve spatial resolution
. Gas choices with emphasis on nonflammable mixtures

. Noise

. Performance in high charge particle flux environment
. Performance in high neutron radiation environment

i.
2
3
4
5. Aging and its effects.
6
7
8. Choice of readout electronics
9

. Choice of electronics to generate fast trigger

10.Collaborative work with other groups (Dagq/Trigger and Muon
MonteCarlo ) with a view to a final large scale design.

THE TEST FACILITY

The Test Facility at MIT will consist of

. A Test Stand to set up a Muon Telescope

. A three component Gas system

. Appropriate Readout Electronics

. A Data Acquisition and Data Analysis system

. Other testing hardware including a Lecroy Oscilloscpe

st -

This system will be put together in such a manner that
it could be easily transported to an accelerator environment for
beamline tests.

Collaborative work with LLNL will include tests of new
RPC prototypes made at LLNL at the MIT facility and mutual feedback
of information necessary to optimise various performance criteria.
A meeting to discuss the collaborative effort has been scheduled
for the last week in August.

COSTS

The heart of the Test Facility will consist of a Muon
Telescope with three layers of scintillator for triggering, six
layers of Drift chambers for accurate position determination and
cne or more Test RPC layers in between. We estimate the cost of
constructing and operating this system to be $395K. This includes
the acquisition of all necessary hardware ($240K), one full time
technician ($75K), one half time engineer ($50K) and travel ($30K).
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PAD CHAMBERS FOR MUON MEASUREMENT N GEM

MUON GROUP MEETING
Boston University
23 August 1991

Scott Whitaker

Cl_u:mber development work done by BNL team, including

Vinnie Polychronakos
Bo Yu

Veljko Radeka

Ed Obrien

Engineering for GEM application

Vinnie Polychronakos
Charlie Grinnell
Frank Nimblen

* Cathode pad chambers — integrated technology for
bend plane measurement
theta measurement

riggering
= Possible realization for GEM
mechanical layout

electronics
advantages and disadvantages

» R&D to test the concept
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Pad Size

1. Interpolation direction
¢ Required Interpolation Preecision x100
2. Transverse to the interpolation direction

e Occupancy

e Channel count

e Total pad capacitance (100 pf)
e Shaping time (7ip) ’
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Position Resolution vs. Anode Charge

for a Single Chevron Cathode
(5.4 keV X-rays, 12mm readout spacing, 50% Ar + 50% C2Hs £as mixture)
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Resolution

Interpolation error =~ 1% of pad spacing, d
100um zchieved with d = 1.2em

ENC
Q

X

2

ENU2=163

KTCp(=2)

Ces

Im
Optimum when Cp = Cgs

T =

2

ENC’ =16
39m

chjg(Ti) , [

Aim at ENC ~1000 e

Then gas gain ~ 1 — 2 x 10¢



Effect of the angle of incidence

Y %zO.‘lD

/ :L_ - (V. Radeka, B. Yu, BNL)

A (W B, CERN Wor}:-%’*f‘f,)

6« dfamx 2"’ c{:d,i"c.w
- X

——

£x Vi \JNe,ﬂﬂ N'ﬂ: 3
= 0,09

Assuming o, = 50pm
Omaz = 4.5 deg => 40, 9deg segments (Tessaracondahedron)

R=4m Lre =0.6m
R=6.5m Lgs=1.0m
R=9m Lgs=14m

o Largest chamber 2x1.5 m?
¢ Chamber already exisiting in BNL E814, 0.5x2m?
e Precision determined by lithography of cathode planes.

e No extraordinary precision in placement of anode wires
required. '



a) Centered single chevron b) Displaced single chevron
c) Centered one and a half chevron . d) Displaced one and half chevron
e) Centered double chevron ~e) Displaced double chevron

Zash lbne crdicates anede cive position.



DFNL [%]

DFNL %)

DFNL |%)

DFNL vs. f; for Various Chevron Patterns
(Gap width = TSmm) '

Centered Single Chevron

1.00 1.10 1.20

Ix

Centered One and a Half Chevron

1.00 [.10 1.20

fx

Centered Doubie Chevron

DFNL (%)
8 & & B

DFNL {%]

DFNL. [%]

Displaced Single Chevron

-

o

Displaced One and a Half Chevron
80

.90 1.00

1.10 1.20

I:

“t

1.20

1.00 1.10 1.20 0.90 1.00 110 1.20
S I»
_— Theoretical prediction
Teess Experimental result

Experimental resuits displaced by f, =0.05

el o — s . a m——



MECHANICAL LAYOUT CONCEPT

4 chambers in an integrated package
Chambers to 1.5 m (phi) x 2 m (z orr) -- longer possible by piecing

Hexcell — 25 mm thick 5x
Circuit board 20 -- 100 mils 10 x

deflections for center of 4 ft x 8 ft laminate < 0.1 mm (C. Grinnell)
Alignment targets integral to cathode strip structure
5 mm gas gaps
Anode wires 2.5 mm pitch

Center supports: 50 gm tension

Ganged by 20 for theta measurement

Weight of 4-gap package 25 Kg/sqm (modeled as 10 x 1.5 mil Cu +
: 1 mm G-10 boards)

Thickness for super layer of 4 chambers < 8% X0

Electronics mounted on cathode boards -- full readout chain + trigger processor (?)
2cm + 5 cm allowance on sides for wire termination, theta electronics

20 cm on one end for strip readout



155mm

Honeycomb panel

Cathode Panel

Cathode panel subassembly
less top spacer

Subassembly: (low precision)
Cathode panels, one side - 1Tmm
Spacer bars - 2.5mm
Honeycomb panel - 25mm

Subassembly; (high precision)
Strip panels, one side - 1mm
Spacer bars - 2.5mm
Honeycomb panel - 25mm

Shielding Panel

Gas Pad Chambers Study.2
C. Grinnell 09.08.91 page /2



10°

Gas Pad Chambers Study.2
C. Grinnell 09.08.91 page 2/2
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For Example...

Chevron chambers for BNL experiment 814 Ed Obrien

chambers 0.5 m x 2 m
S mm gap 2
3 layer pc board for cathode pads
100 in thick
cathode plane, ground plane, signal routing -- plated through holes
precision < 50 microns
photo technology
humidity. temperature control during mfg
$10.000 for order of 3
1/4 ™ hexcell lamination
second side -- 8 mils prepreg

flat to < § mils

Performance in Si ion beam as designed

<35% of pad size -- limited by dynamic range requirements



CHANNEL COUNTING

Model used -- not the most efficient...

ENDCAPS

4.4. 3 chambers
occupancy < 10 Hz: 231K channels
occupancy < 5 Hz: 397K channels

6 10 | 14
8
6
4
/—J"-——- 9'4 degrees
{//"’-"Jd
Bend piane Theta
40-fold symmetry wires run r-phi
strips 5 mm (r-phi) x 2 m (2) 2.5 mm pitch
capacitance-limited ganged by 20 --> 5 cm hodoscope
BARREL .
4,4.3 chambers 2, 2, 2 chambers instrumented
844K channels 96K channels
20-fold symmetry wires run r-phi
strips 56 mm (phi) x.23-2.0m (r) 2.5 mm pitch
occupancy /capacitance limited ganged by 20

2, 2, 2 chambers instrumented
21K channels



Barrel Channet Count for GEM Pad Muon System  SW 14 Aug 91

Assume 40-fold symmetry, strips 2 meters long and 5 mm wide
chambers 2 meters long by 9 degrees wide, active area

inner chambers: 4 layers/chamber
R= 4

L= 6 -
N chambers= 240 -
N layers= 960

chan/layer 126

N chan 120576

middle chambers: 4 layers/chamber
R= 6

L= in

N chambers= 400

N lavers= 1600

chan/chmbr 188

N chan 301440

outer chambers: 3 layers/chamber
R= 8

L= 14

N chambers= 560

N layers= 1680

chan/chmbr 251

N chan 422016

total chambers 1200

toal channels 844032



Channel Counting in the Muon Endcaps of GEM

srip occupancy=
max strip length=

chambers at z=
eta(l)

2.500
2.396
2.281
2151
2.003
1.830
1.623
1.365
1.190

chambers at z=

2.500
2.327
2.12]
{.866
1.534
1.280

chambers at z=

2.500
2.258
.948
1.570
1.320

2

theta(i) rad

0.164
0.182
0.204
0.232
0.268
0.318
0.390
0.500
0.591

10

0.164
0.195
0.239
0.307
0.425
0.542

14

0.164
0.208
0.283
0.410
0.522

Hz assuming 60KHz per unit eta.

meters

muax =

max =

rmax =

rli)
0.992
1.102
1.239
1.416
1.650
1.976
2.463
3.278
4.023

1.653
1.971
2434
3472
4.526
6.027

2314
2.961
4076
6.089
8.055

4
theta(i) deg

9.386
10.408
11.672
13.276
15374
18.228
22,321
28.648
33.844

total per plane
x4plx2ends

6

9.186
11.149
13.682
17.59%
24.354
31.078

total per plane
x4 plx2ends

8

9.386
11.943
16.233
23.507
29.915

total per plane
x3plx2ends

stnp length

0.110
0.137
0.176
0.234
0.326
0.487
0.814
0.745

0.318
0.464
0.738
1.354
1.501

0.647
1.115
2.013
1.966

total number of channels for 4-3-3 configuration

SW [3 Aug 91 -

occfac =

5 mm inner width

N strips/plane

1246
1385
1557
1779
2073
2483
3095
4119

17737
141893

2077
2476
3059
3986
5688

17286
138288

2908
n21
5122
7651

19402
116412

396598

0.105



Channel Counting in the Muon Endcaps of GEM

strip occupancy=
max strip length=

chambers at z=
eta(i)

2.500
2.292
2.036
1.702
1.190

chambers at z=

2.500
2.154
1.661
1.290

chambers at 2=

1.500
2.015
1.620
1.330

10

2

6

theta(i) rad

0.164
0.201
0.260
0.361
0.591

10

14

0.164
€.231
0.375
0.537

0.164
0.265
0.391
0.517

Hz assuming 60KHz per unit eta.

meters

rmax =

rulax =

rmax =

4
i)  theta(i) deg
0.992 9.186
1.225 11.539
1.594 14.880
2,263 20.668
4.023 33.844
total per plaﬁe
x4 pl x 2 ends

6
1.653 6.386
2.352 . 13.239
3.940 21.507
5957 30.784
totai per plane
x4 pl x 2 ends

8
2314 9.386
3.799 15.183
5.767 22.390
7.962 29.631
total per plane
x 3 pl x 2 ends

strip length

0.233
0.369
0.669
1.760

0.700
1.588
2.016

1.485
1.968
2.195

total number of channeis for 4-4-3 configuration

SW 13 Aug 91

occfac =

5 mm inner width

N strips/plane

1246
1539
2003
2844

7633
61061

2077
2956
4952

9985
79877

2908
4774
7247

14929
89573

230512

0.209



TRIGGERING using the Middie Supe

Basic idea: measure & vector in the middle superiayer } point-line

. MOMentum measurament
assume the beam position

6.5m .
4m
4 measurements
150 micron resolution
400 X0 10 cm total spacing -> 2 mrad slope error
calorimeter
1m
beam position

knowm to | mm

Resolution calculation - Larry Rosenson

GPTI PT
0.25 | prrasbiiitrig.T j
0.2 4 y
s il p
_ R J
Q¢1‘ t -—-_,..#'-—- i <

0.1 --—-——,A- :
]

—
0.0% 7(




READOUT

Long integration time (~1lus)
—> built—-in 1st level trigger delay
No analog pipe lines

= k1lus
: —
. | —_
Pre-— slow | —]
Amp shaper — MUX ADC — DAQ
TRACK
& 8 bits
Pick-aff HOLD
TRIGGER ]
fast
shaper HOLD

(1st level)

3\/C~ 40ns

o Same detector for trigger

o Can be done with existing technology

o Path for precision charge measurement
does not require 60 MHz clock



EXAMPLE OF READOUT WITH CURRENT TECHNOLOGY

+ Existing devices have nearly the right parameters

» circuits for chamber tests can be prepared for next summer...

-
!
!
!

AMPLEX chip
16 inputs
preamp
shaper (750 ns)
track and hold
multiplexer
2% gain var. in chip
5% var. chip-to-chip

daisychainable

DRAMS module

singie width CAMAC

FADC

calibration/pedestal
functions

Zero suppression
memory
1024 channels

L%____

preamps —

external for use with

Amplex (designed for

lower C) but included

in custom design




SHORT-TERM R & D GOALS

 Construct several large pad chambers ~ Imx2m

Develop and implement readout chain based on Amplex + DRAMS

Test chambers in a beam -- next summer
-> Measure resolution
-> Study effects of angle of incidence .

-> Study systematics

. Gas studies
-> drift velocities

-> Lorentz angles

+ Develop point-line triggering scheme
-> Algorithm

-> Implementation
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High Precision Cylindrical Drift Tube
Technology

Bing Zhou
Physics Dept., Boston University
Aug., 1991

1 General Description

Cylindrical drift tube is a very simple tracking device, and has been used for high
precision tracking in magnetic field by many experiments. The technology is well
understood and established. Its basic working principle has been well documented by
F. Sauli(see appendix).

We propose to use pressurized stainless steel drift tubes for GEM muon tracking

system is based on the following considerations:

(1) Good resolution: single wire resolution ~ 150 microns;

(2) Most robust muon system in large scale;

(3) Close to 100% acceptance in ¢;

(4) Well understood performance in magnetic field;

(5) Easily pressurize to ir—n_prove the resolution;

(6) Modular construction-easy for alignment and transportation;

(7) Low cost.

As useful information we list basic operation formula of the drift tubes in a mag-
netic field below:

@ Electric field inside tube: E(r) = HV,./r/in(b/a), where a is wire diameter
and b is tube diameter.



o Drift velocity (B-field =0) Vo = k(eE/m)r ~ f(E,k,7), where k is a gas
. dependent constant, 7 is mean time of collision between drift electrons and the
gas molecules, and m is electron mass.

e In the magnetic field drift velocity (three components) will depend on the B-field
also: V, = Vp x (14 (w,?)?)/(} + (wr)?) Vo = Vp X (W, T + wewrr?) /(1 + (wr)?)
Ve = Vo X (wrT +wpwe ) /{1 +{wT)?) where, wlw,.wr.w:) = eB/mec = ¢/mc x
(By, Br, B,) and tanfp,cenes = w7

o The drift time and drift distance relationship is: T(r) = fJ dr'/V,(r")
In order to operate the drift tube style chamber in B-filed to measure muon mo-
mentum, based on ahove formula, we need to know the following parameters:
(1) Accurate magnetic field map and wire high voltage;
(2) Drift velocity vs. electric field for operating drift gas;
(3) Lorentz angle vs. E-field and B-field for operating drift gas.
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LIST OF COLLABORATORS

for the S.S. Pressurized Drift Tubes muon system

BOSTON UNIVERSITY

S. Ahlen, T. Johnson, D. Loomba, A. Marin, D. Osborne, J. Shank,
D. Warner, S. Whitaker, B. Wilson, B. Zhou

BROWN UNIVERSITY
M. Wigdoff

INDIANA UNIVERSITY

- D. Alyea, C. Bower, R. Heinz, J. Musser, J. Pitts
INSTITUTE FOR ATOMIC PHYSICS. BUCHAREST

A. Aculai, C. Blaj, H. Bozdoc, L. Butacu, M. Ciobanu, D. Ighicianu,
D. Lazarovici, S. Miron, G. Pascovici, M. Pentia, D. Pop, V. Popa,
G. Radulescu, D. Spanu, V. Valeanu

INSTITUTE OF HIGH ENERGY PHYSICS, BEIJING
W. Gu, Y. Gu, Y. Guo, Y. Huang, J. Li, C. Mao, H. Sheng, R. Xu,
D. Zhang, B. Zhuang

JOINT INSTITUTE FOR NUCLEAR RESEARCH. DUBNA
G. Alekseev and others

LOS ALAMOS NATIONAL LABORATORY
R. Barber, M. Brooks, T. Coan, J. Hanlon, D. Lee, G. Sanders,
B. Smith

MIT
I. Pless and others

WASHINGTON UNIVERSITY

J. Beatty, D. Ficenec

Other groups welcome !
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Basic Performance of drift tube in B-field:

Dirft velocity and Lorentz angle :

Eficld = HVwirc/r/Ln(b/a)
Vo = k(eE/m)T ~ f(E,k,T)

Ve = Vo x (1+ (w,7)*)/(1 + (wr)?)
Vr = Vo X (w, T+ w,.wT'r2)/(1 + (WT)z)
V:=Vo x (wrr + Wrwz'rz)/(l + (w.)z)

- -l
We(ws, wr,w,;) = eB/mc = ef/me x (B,, Br, B;)

tanfrorent: = WT
Time —Space :  Drifitime(r) = / dr' V()

Experimental data needed for space-time function:
1) Accurate magnetic field map and wire high voltage;
2) Drift velocity vs. electric field for used drift gas;
3) Lorentz angle vs. E-field and B-field for used drift gas.



ELECTRIC FIELD IN DRIFT TUBE
.CAN BE EASILY CALCULATED PRECISELY

‘Tube
Wire E=¢ 2
y E=
R
r
U
‘- X
N
x (center)

BIPOLAR COORDINATES

x = a sinh(&)/ ( cosh(Z) + cos (6) )
y = a sin(6) / ( cosh(¥) + cos (6) )

e=(R?+a2) "-(r2+a2) "
x (center) = a coth (£,)

r =a/sinh(‘él)

R =a/sinh (£,)

Ey =-V (cos (8) cosh(?) + 1)/[a (&, - §,)]
Ey= V (sin (6) sinh(¥) ) /[a (; - §,)]




Effect of Tube Wall Placement on Time-Space Function: Epsilon = 1 mm; R = 2 cm,
t = 25 microns, V = 2500 volts, HRS gas, 1 atm

07 T
06 T

0.5 T

Drift Time 4

(microsec) 0.

=== Actual

3 — Assumed

0.2 -

0.1 1

0 - { $ -4 } + -+ $ $ { {
0 2 4 6 8 10 12 14 16 18 2
Disrance From Center of Wire (mm)




160 v
140 +
120 +
100 +

o

Brror (microns) 80 -

Error Incurred due to Offset of Tube Wall of 0.5 mm

Average Error = 50
microns at center of
tube; average error

over entire tube

length, and for all
60 1+ particle trajectories
is less than 25
40 + microns
20 e
0 : + : -+ ~
0 5 10 15 20 25

Distance From Center of Wire (mm)




;

Error Incurred due to Offset of Tube Wall of | mm

Average Error =
100 microns at

center of tube; -
average error over
Error (microns) 150 1 entire tube length,
and for all particle
100 4 trajectories is less
than 50 microns
50 +
0 4 + : J =
0 5 10 15 20 25

Distand: From Center of Wire




Stainless steel drift tube operation record

Xperiment HRS

PEP
(1982-86)
e'e

lumber of layers 10

lumber of tubes 1792*3
'ube length 37m
)iameter 2.54 cm
vall thickness 152 um

weraged X, /tube 2.9%

3as Ar:CO,:CH,
(89:90:1)

perating mode  limited streamer

1ax. drift time 300 ns

esolution/wire  200pm

Aagnetic field 1.6 T

£ver arm 1.7m

\p/p 0.1%/GeV

b drift time

Kccupancy

CDF

Tevatron
(1988-now)
pp

3

2016
30m
2.54 cm
200 pm
3.3%

limited streamer

- 200pm

1.5T

1.3m
0.2%/GeV
drift time
charge division
5%

EXAM

Balloon
(1988)
cosmic rays

proportional
300 ns
170um

0

drift time
drift time



Ref.:
HRS D. Rubin et. al., NIMA203(1982)119
G. Baranko, Ph. D thesis at Indiana Univ. (1985).

CDF S. Bhadra et. al., NIM A268(1988)92.
S. Bhadra et. al., NIM A269(1988)33.

EXAM A. Tomasch et. al., NIM (1985).
T. Coan, Ph.D thes:s at UC Berkeley ( 1989)
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I‘ Scope x I Scope y
320 ohms

L=37m;R=995 ohms

l: Z=195m ;lﬂ Magnet ']
| = —{ e ——
T 2 Microscope / T
Bearing Bearing 3

Scale Tungsten/Gold Wire Weights
Scopey Lisajous Figure at Resonance
Scope x
R = 99.5 ohms implies diameter = 2r = 49.6 microns ( 70 F)
S = wire sag
p = mass density = 19.3 g/cc (gold and tungsten)
g = gravitational acceleration
f = fundamental resonant frequency \Q
T = tension in wire
T= pm'z(ZLt)2

S ~ par2g(Z?-LZ) I(2T) = g(Z/L) % - @/L)) /(3£ %)

. NOTE: S depends on f only, and has no additional
dependenceon Tor r




2000

1500
Sag (microns)
1000

Sag Measurements; L = 3.7 m; Tungsten/Gold, 50 micron diam.

243 217 199 155 109 65 25
Tension (grams)

@ Actual




Frequency Determined Wire Position Minus Actual Position

Microns

243 217 199 155 109 65 25

Tension (grams)




Hz

35

30

25

20

15

10

Resonant Frequency vs. Tension for 3.7 m, 50 micron,

Tungsten/Gold Wire

/

50 100 150 200 250
Grams




25 -

20 -

15 4

Microns 10 -

Contribution of Voltage to Sag; L = 4 m; R = 2 cm; r = 25 microns

Distance Along Wire (m)




Pressure (gauge), psi

Leakage of Gas From 6 ft x 1.5 inch Stainless Drift Tube, With Glued End Plugs

30 -
298 T+
296 +
294 + - -
—
292 +
29 L .
288 + Leak Rate = 20 scth
286 + (total) for 100,000
) fubes at 1 atm over-
284 + : pressure
282 T+
28 : 4 + : | : :
0 20 40 60 80 100 120 140

Time (min)




Cathode Plane ~

Potential | |e-ceees--
Wil'es Pesessens 3 *

S gl Voltage
Pads Mesh wite divider

Moveable mirror

X e UV beam
[ 1 Window
T : ads
70 mm - w—Wires
— .
1l
/- f—— 50 MM -
Cathode ?,,,S
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e cell

PDT Subsystem R&D Plans

Necessary R&D before Lol :

~ HRS octant (2) test: wire tension after 10 years;
alignment scheme; sagitta systematic error.

~ Pressurized drift tube modul ptototype.
— RPC prototype, z-chamber selection.

— Drift gas studies with magnetic field: drift veloc-
ities, Lorentz angles and space-time functions.

— Intensive simulations: end-cap chamber design;

muon trigger issues; pattern studies in inner cham-
ber.

~— Alignment scheme design.
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Figure 11.B4
Streamer Chamber Assembly



*13 *bs o008

Aemaaiy Jing 1005

44YIS

— . iy« 3 Arueb seus)

o A IR T EEERTTE LTRSS
i
Ay ysoL wae) bue) o

{ 1L 1) |
gy §

L
| mR

ysiune

o —— e — -

e sy ey 1o RS R SRS .
= —— 1

vy

ST seppemnay

()=l SBL

-c.ou-.“n-.u.uc-o.-.ﬂ—v-oob-u‘"
L TY ¥y Yy Y FrIFrT T
'..'-.---........-'.-'.....-I'WIO-!

" qeave . E Y~ T S
e iin) sdotsavy fo==-- e
m A .- | 30 3 M L N0

oo oe BB R b

- H TY VYT rr Yy rrrrey ry
! \H -~ e et e+ e PR ¢ H RSO N T N N
[ _— _
—

I L PO R B ja A kR TR S e A

el
*NI0

b OO0 |
voo-“-v---- LML) -r---.-o-vv .-.o L)

.lv- L] -.--...-.-D. L ) .0. L]

SO

Suyng
_— LY

vl.v-

L]

~ nqe) AevATm w
PRI e re1- o o 4941820 b e
- ALY i)
N e e e e 8 08 0 s g 0,
YL YTy EYCYT Y CYEY TN |
NN AN AN

"o qEA

SJIM

) ey

T R ey e B

W...J.zi. ey aueay Bujuied Swhag

9oedg S.pJojJebuny Jg
[ % ] i............‘..".'...

#8618 903 °2



sa - " Frasczi painted orefiies

20

10

1CC.

19

A MC/sguarsi

Fig. II.B.5. Resistance Spectra. Top: Frascati SLD accepted profiles.
Selected by sampling R. About 50% rejected in this process. Bottom: SCARF
profiles. R is sampled for comparison only. 100Z of coacted profiles are used.
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Burnin Failures by Run* 9-6-88
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300

Standard Gas (75% Isobutane + 25% Ar)

] Chamber K800, T=24°C,
Hum=70%, p=766 Torr,
Gain=10, Tdead=1pus,
200 Thresh=32mV

1] 1
2 L

42 44 46 48 50 52 654 58 58 60 62 64
Voltage {kV]
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Voltage [V]

, Knee Breakaway
ANS255 » e
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4
4500 -+
4000 ] . 0 ] i 1 M ] N . : . S . []

Fig. II.B.l.

2 4 6 8 10 12 14
Nitragen Concentration [%5]

Effect of Nitrogen Contamination. Plateau at any %

Nitrogen is top (open) point minus bottom (filled) point. Plateau
not only narrows, but moves to lower HV.



18 . a) Standard Gas
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b) Neon Mix
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184 ¢) Argon Mix

# of Chambers / Bin
o

O 50 100 150 200 250 300
Counts/s at 4.9 kV
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Data from ~J698"

HV.Gkv)

300
New Gas (88% CO2 + 2% Ar + 10% 1B}
T=24°C, Hum=59%, p=764 Torr
Gain=10, Tdead=1pus, Thresh=32mV
200
100 =
I T B S . am m ey
4.2 4.4 4.8 4.8 5.0 5.2 54 5.6
H.V.(kv)
Data from “J699"
300
New Gas (88% CO2 + 2% Ar + 10%1B)
T=24°C, Hum=539%, pa764 Torr
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200
100 -
o
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Aug 23, 199\ STATUS

OF MUON TESTS at FERMILAR

PURPOCSE .

2. LST% with DRIFT ReADOUT
(resolution vs gas. M\, ei-c...)

2. Jarocci \ubes with STRIP READOLT
(resolution vs SQS-PROP Modes, ol ... )

3. Inflyence og e.m. debris
genera‘\’ed Ey MUONS On

detector perfotmance
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COORDWNATE XREAL, MM
RESOLUTION VS AVALANCH POSITION ALONG WIRE (LASER DATA, AL TUBE, SQS MOOE)
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EXAMPLE OF RAW DATA

sTRIP READoUT (LASER . QS Mobe)
{ép = 95/«\1&,

ints are 3paced
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TT. Momentum Meo.Sufe.men'\- - Resolution

Point (vertex) - Slope (&) Maasu.re.men'\-
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T, Backqroond Simulations
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GEANT  Simulation of Mouan-induced shewers
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{TeV/c Muons at SOdegrees GEANT Simulation
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1TeV/c Muons at S0deqrees GEANT Gimolation
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MUON SYSTEM ENGINEERING

MUON GROUP MEETING
AT BOSTON UNIVERSITY
23 AUGUST 1991

GEM MUON SYSTEM
F. Nimblett 8/23/91
Draper Laboratory



GEM MUON ENGINEERING
(Now till Oct. PAC Review)

Design evaluation for sensor technology options ( Performance evaluation, layout
practicality, alignability, multiple scattering, operational concepts, costs, processing and
assembly procedures, safety Issues, risk evaluation)

Develop muon system support structure concepts to fulfill needs of individual technologies
( modular trusses to support measurement groups of three layers of chambers; gimilar fo L")

Develop Muon system WBSs (several versions needed to cover options)

~ Develop Muon system cost books (several versions needed to cover options) and a uniform
costing procedure.

Develop muon system planning and schedule.

Coordinate muon related activity with MIT and LLNL who will be working the magnet and
with LANL who will be working endcap muon support structure concepts plus a global
alignment system.

Develop local alignment (inter-module) concepts and costs for the sensor specific options of
chamber layouts.

Complete interface hardware concepts (Module to magnet, Chamber to module, Magnet
mounted rail system for central region, Endcap muon system attachments)

Determine facility requirements for specific sensor options (assembly space, gas needs,
safety requirements, power requirements, hoist requirements, compatibility with hall
parameters )

Specify system installation and alignment needs, procedures, and costs.

GEM MUON SYSTEM
F. Nimblett 8/23/91
Draper Laboratory



GEM MUON ENGINEERING
( PAC review to LOI )

Refine all previous efforts in a more focussed manner (Provide additional
analysis If viewed as risk factor, improve cost model, improve program
planning )

Preparation of LOI documentation ( LOI document plus Presentation
vugraphs)

Preparation for increased levels of effort to fulfill task of preparing the
Engineering Design Report ( EDR)

GEM MUON SYSTEM
F. Nimblett 8/23/91
Draper Laboratory
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GEM MUON SYSTEM
SUPPORT STRUCTURES

Central Region Muon System/Magnet Interface Options

« Four or six point mount to either two or three substantial rings at the
ends of SC magnet cryostat sections ( isolated from cryostat wall
radial deformations caused by evacuation of cryostat)

« Space-frame structure hung from similar sites or from the central
membrane ( Further isolation from magnet and elimination of
reaction torques on magnet structure )

«» Unitize modules following assembly ( join inner diameters of
modules to minimize reaction torques on magnet structure )

Endap Region support still appears to be best near OD of magnet poles
( small axial motion at magnet turn-on plus muon system
counterbalanced with pole weight )

Endcap rotory mount/assembly fixture still appears to be a necessary
structure to evaluate to permit vertical loading of endcap modules.

GEM MUON SYSTEM
F. Nimblett 8/23/91
Draper Laboratory



GEM MUON
SUPPORT STRUCTURES

Main thrust of support structure design will continue to be a
bolted and pinned truss assembly fabricated from 6061-T6
aluminum tubing and cast aluminum joint hardware.

Consideration of thinner plate-structures around the middle
chambers to provide additional space for these chambers will
be a priority!

Preliminary Weight estimates for the central region assembly
of several chamber technologies are promising.

o« L*--160 tons

o« PDTs (SSt-- 122 tons) (Alum-- 86 tons) (Myl- 71 tons)
«« LST (Extr. cath.- 250 tons ) ( Folded cath- 161 tons)
« GP (Notyetdone, probably the lighest! )

GEM MUON SYSTEM
F. Nimblett 8/23/91
Draper Laboratory ;
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MUON CHAMBER ALIGNMENT

Concept Sketches

- Description of
Tools and Techniques

for the LO|

¥* Sector Assembly
%* Sector Assembly to Space Frame
* Global Interface
~= Sspace frame to beam line
* Alignment Maintainence
-= Internal and external

* LED-lens-detector

¥ | aser beacon

* Conventional optical toollng
alignment telescopes, theodolites,
Interferometers and tooling balls

¥ Electronic levels

* Fiber optics and speckle

¥ TV holography



MUON CHAMBER ALIGNMENT

ALIGNMENT TASK

* SECTOR ASSEMBLY

% SECTOR TO SPACE FRAME

* GLOBAL INTERFACE

% ALIGNMENT MAINTAINENCE

STARTING POINT CONCEPTS

System Dependent
Combination of conventional
tooling and gadget development

LED - Lens - Detector
used on L3, but perhaps more
than 3 bridges for GEM

Basic Installation Task
Planned conventional tooling .

Electronic levels
Fiber Optics/Speckle

- Development Task
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